Background: The underlying brain basis of nonclinical depressive symptoms (nCDSs) is largely unknown. Recently, the seed-based functional connectivity (FC) approach for analyzing resting-state fMRI (rs-fMRI) data has been increasingly used to explore the neural basis of depressive disorders. Other than common seedbased FC method using an a priori seed region, we conducted FC analysis based on regions with altered spontaneous activity revealed by the fractional amplitude of low-frequency fluctuations (fALFF) approach. The aim of the present study was to provide novel insight in the underlying mechanism of nCDSs in college students. Methodology/Principal Findings: A total number of 1105 college students were recruited to participant in a survey for assessing depressive symptoms. Subsequently, 17 individuals with nCDSs and 20 healthy controls (HCs) were enrolled to perform MR studies. Alternations of fALFF were identified in the right superior parietal lobule (SPL) and left lingual gyrus, both of which were used as ROIs for further FC analysis. With right SPL, compare with HCs, subjects with nCDSs showed reduced FCs in the bilateral dorsal lateral prefrontal cortex (DLPFC), left inferior frontal gurus (IFG), left premotor cortex (PMC), DMN network [i.e., bilateral precuneus, posterior cingulate cortex (PCC), right supramarginal gyrus (SMG), right parahippocampal gyrus (PHG), bilateral inferior temporal gurus (ITG)] and left cerebellum posterior lobe (CPL). In addition, increased FCs were observed between the left lingual gyrus and right fusiform gyrus as well as in the left precuneus.
Introduction
Major depressive disorder (MDD) is the single greatest cause of disability and morbidity in adolescence and young adulthood [1] , and has been attracting increasing attention from researchers [2] . However, less attention has been given to non-clinical depressive symptoms (nCDSs) that present variable depressive symptoms but do not meet the diagnostic criteria of MDD [3] . Due to the undergoing and obvious social and physical changes, nCDSs have been found to be highly prevalent among college students worldwide [3] [4] [5] [6] , with the peak age of onset between 15 and 29 years of age [7] . Importantly, longstanding nCDSs associated with a great risk of developing depressive disorders [8] . However, to date, little knowledge has been gained with regard to the neural basis of nCDSs. Therefore, exploring the neural basis of nCDSs could be considerably important for understanding the pathophysiology of nCDSs.
Recently, a growing body of evidence has shown that the spontaneous brain activity measured with resting-state fMRI (rs-fMRI) reveals important information about brain function and its alteration. Low-frequency (0.01-0.08 Hz) oscillations (LFOs) in the resting-state are considered to be of physiological importance and are related to spontaneous neural activity of the brain [9, 10] . Over the past two decades, a number of brain regions with altered activity in the resting-state have been reported related to MDD, such as the prefrontal cortex [11, 12] , anterior cingulate cortex [2] , subgenual cingulate cortex [13] , amygdala [2, 14] , insular [15] , thalamus [13] , fusiform gyrus and the cerebellum [16] . In line with the intrinsic functional connection of spatially distributed brain regions, imbalanced activity and connectivity of mood-regulating circuit (prefrontallimbic-thalamic regions) [17] [18] [19] [20] [21] are suggested as a possible mechanism of MDD. Furthermore, converging evidence indicates that depressive symptoms might evolve as a consequence of aberrations within discrete brain networks (rather than in isolated brain regions) that modulate function [22] . Based on the network framework, several neural networks have been proposed to mediate depression disorders, such as the cognitive control network (dorsal prefrontal and parietal regions) [23] , the affective network (amygdala, orbitofrontal cortex) [14] , and the default mode network (DMN) [24] .
A number of methods have been developed for analyzing rs-fMRI data. Independent component analysis (ICA) and region of interest (ROI)-based FC are the two most common approaches used in rs-fMRI studies. ICA is a mathematical method that maximizes statistical independence among its components. Compared with a seed-based approach, ICA has the advantage of requiring few a priori assumptions [25] . In addition, ICA can automatically isolate sources of noise; however, it can be difficult to determine whether a component represents physiological noise or a brain network. Thus, the exact separation pattern may be vary between participants [26] . Conversely, the ROI-based FC approach, introduced by Biswal et al [10] , is broadly used to measure the temporal synchrony of LFOs among anatomically distributed brain regions [9] . Specifically, in an ROI-based FC analysis, a seed region is a priori selection and the subsequent FC map is extracted from the temporal correlations between the ROI and all other voxels in brain or other distributed ROIs [27] . As a method with straightforward statistics and comprehensible results, ROI-based FC analysis has been broadly used in MDD [17, 20] , autism spectrum disorders (ASD) [28] , and epilepsy [29] . Although ROI-based analysis can provide us with more holistic information regarding a set of brain regions within a network, it is limited by relying on an a priori selection [25] . Hence, ROI selection is vital for ROI-based FC analysis, especially for a disorder for which relatively little a priori knowledge of the functionally abnormal brain region has been accumulated. More recently, an approach called ALFF was introduced to detect changes of the BOLD signal in regional spontaneous activity [30] . Unlike the FC approach, ALFF allows observation of the amplitude of spontaneous activity, which is assumed to reflect the absolute intensity of brain spontaneous activity [30] . Furthermore, a modified approach called fractional ALFF (fALFF) has been developed to suppress the physiological noise in the ALFF map [31] . However, the drawback of ALFF and fALFF is that neither method directly reflects the FC [32] . Thus, conducting FC analysis based on ROIs with abnormality revealed by fALFF analysis would lead to insights into the neural basis of nCDSs.
In this study, we sought to explore the alteration of resting-state brain networks in nCDSs by using the ROI-based FC method. Given that little is known about the abnormality of nCDSs, in contrast to previous ROI-based FC studies using a priori data [21, 33] , we employed the regions with abnormal fALFF as ROIs for further FC analysis. In line with abnormal findings in the depressive disorders mentioned above, we hypothesized that individuals with nCDSs might display aberrant FCs involving a range of brain functional networks.
Material and Methods

Participants
From May 2012 to April 2013, a total number of 1105 college students from Guangzhou Medical University were recruited to participate in a survey for the assessment of depressive symptoms. The Beck Depression Inventory (BDI) -IA scale [34] , the gold standard of self-rating scales for the assessment of depressive symptom in nonclinical sample, was applied to score depressive severity in the present study's participants. It comprises a total of 21 items, and each answer is scored on a scale ranging from 0 to 3. A BDI score of 10 is the suggested cutoff value for predicting depression [35] .
In the present study, subjects with nCDSs were required to have a score of $10 on the BDI. Thus, a total of 37 participants were enrolled in rs-fMRI study, including 17 nCDSs subjects with BDI scores from 10 to 32 (5 men and 12 women) and 20 sex-, age-, and education-matched HCs with BDI scores less than 4 (7 men and 13 women). One subject scored .30 on the BDI, indicative of clinical depression but was ruled out by a psychiatrist using DSM IV diagnostic criteria. In addition, all participants enrolled in the rs-fMRI study were required to meet the following criteria: right-handedness, no visualized lesion in any MRI scans, age between 19 and 25, no neurological illness, no alcohol or drug dependence. Demographic data are given in Table 1 .
Written informed consent was obtained from each study participant. The current research protocol was approved by the local Medical Ethics Committee in the affiliated Guangzhou first hospital, Guangzhou Medical University, China.
Data acquisition
Imaging data were acquired using a 3-Tesla MRI scanner (Siemens, Erlangen, Germany). Participants' head movements were minimized by using foam padding, and headphones were used to reduce scanner noise. Functional images were obtained by using an echo-planar imaging [36] sequence with the following parameters: repetition time (TR) 52500 ms, echo time (TE) 521 ms, flip angle (FA) 590˚, field of view (FOV) 5200 mm6200 mm, matrix 564664, slices 542; voxel size 53.1 mm63.1 mm63.5 mm. The total scanning time was 372 s. In addition, a high-resolution T1-weighted structural image was obtained for each subject using a magnetization-prepared rapid acquisition gradient-echo (MPRAGE) 3-dimensional protocol (TR/TE52530 ms/2.34 ms, FA57˚, FOV5256 mm6224 mm, slice thickness 51.0 mm, skip 50 mm). All images were visually inspected to ensure that they did not contain lesions or MRI artifacts before analysis (assessed by a radiologist, Xinhua WEI with 15 years clinical experience). During the entire functional MRI scanning, all participants were asked to relax with their eyes closed but not fall asleep. After scanning, a simple questionnaire was administered to each subject to confirm they had not fallen asleep.
Imaging data processing and analysis
The resting-state and structural images were preprocessed with the Data Processing Assistant for rs-fMRI (DPARSF, http://www.rest.restfmri.ne) [37] that works with SPM8 (http://www.fil.ion.ucl.ac.uk/spm/software/SPM8) on the Matlab platform. For each subject, the first ten volumes from each run were discarded for signal equilibration. The fMRI images were corrected for the acquisition delay between slices and for the head motion. None of the subjects had more than 2 mm in translation or 2˚in rotation and mean point-to-point translation or rotation .0.15 or 0.1˚ [38] . Then, 3D structural images were registered into standard Montreal Neurological Institute (MNI) space using the unified segmentation DARTEL algorithm [39] . Regression of nuisance was conducted with the signals of white matter and cerebral spinal fluid BOLD-signal, as well as six head-motion profiles to minimize the effects of head motion. After this, registration was completed by applying the functional images to MNI space using the parameters of structural image normalization and with resampling to 36363 mm 3 . Subsequently, the processed images were spatially smoothed with a Gaussian kernel of 4-mm full-width at half maximum (FWHM). Finally, linear trend subtraction and temporal filtering (band pass: 0.01-0.08 Hz) were performed to reduce the effects of low-frequency drift and high frequency noise [10] .
FALFF analyses were carried out using the REST package (http://resting-fmri. sourceforge.net) [40] . The calculation procedure has been previously described [31, 41] . Briefly, after the linear trend was removed, the time series for each voxel were transformed to a frequency domain without band-pass filtering. The square root was calculated at each frequency of the power spectrum. The sum of the amplitude across 0.01-0.08 Hz was divided by that across the entire frequency range, i.e., 0-0.25 Hz [31] . To explore the difference in fALFF between the two groups, a two-sample t-test was performed in a voxel-by-voxel manner and the age, gender, education, and gray matter volume of each subject were taken as covariates to avoid any undetected effects. A threshold of p,0.005 was chosen, corrected by Monte Carlo simulations in the AFNI AlphaSim program (http:// afni.nih.gov/afni/docpdf/AlphaSim.pdf). Using this program, clusters that were greater than 12 voxels were applied to the resulting statistical map at a corrected significance level of p,0.05.
After the fALFF analysis described above, the peak MNI coordinates, produced from the regions of altered fALFF maps determined via comparison of the two groups, were used as the seed ROIs for a voxel-vise FC analysis comparing between nCDSs and HCs. The FC analysis was conducted with the REST package (REST, http://resting-fmri.sourceforge.net). For each subject, a mean time series for every ROI was computed separately as a reference time course and then correlation analysis was performed between the seed ROI and the remaining voxels in the whole brain. As a result, a correlation map was produced for each seed ROI. The resulting r values were transformed into z values using Fisher's transformation to improve normality. For each group and seed, individual z maps were entered into a voxel wise two-sample t-test to determine group differences in FC between the nCDSs and HCs (p,0.01, corrected using the same method as in the group of fALFF comparisons).
Results
Demographics and depressive scores
There were no significant difference between nCDSs and HCs with regard to gender, age, and year of education. BDI scores were significantly greater in the nCDSs subjects compared to HCs (p,0.05) ( Table 1 ).
Brain regions with altered fALFF
Significant fALFF differences were observed between nCDSs and HCs (p,0.005, corrected). Compared with HCs, nCDSs subjects were found to have decreased fALFF in the right superior parietal lobule (SPL) [Broadman's area 7 (BA 7)], and increased fALFF in the left lingual gyrus (BA 19) ( Fig. 1 and Table 2 ). Table 3 ).
Brian regions with aberrant functional connectivity
Discussion
The present study provides primary evidence for the neural underpinning of nCDSs. After fALFF analysis, regions of the right SPL and left lingual gyrus with aberrant spontaneous activity were applied as seed ROIs for FC analysis. Compared with HCs, subjects with nCDSs showed reduced FCs between the right SPL and bilateral DLPFC, left IFG, left PMC, and DMN network (i.e., bilateral precuneus, PCC, right SMG, right PHG, bilateral ITG), as well as the left CPL. In addition, increased FCs were seen between the left lingual gyrus and right fusiform as well as in the left precuneus. The aim of this study is to provide novel insight on the underlying mechanism of nCDSs. In contrast to previous studies, we applied areas with altered fALFF comparison between two groups as seed ROIs for further FC analysis. The aim was to overcome the limitation of relying on a priori selection in ROI-based FC analysis. To our knowledge, this is the first evidence providing insight into spontaneous activity in nCDSs subjects from a sample of college students.
Aberrant FCs in right SPL
Decreased fALFF in the right SPL (BA 7) in nCDSs was observed in this study. Moreover, altered FCs were identified between right SPL and several brain regions including bilateral DLPFC, left IFG, left PMC, DMN network (i.e., bilateral precuneus, PCC, right SMG, right PHG, bilateral ITG) and left CPL. The SPL and DLPFC were proposed to be the main components of the executive control network. Anatomical evidence from primates demonstrated that the DLPFC has dense interconnections with the lateral parietal cortex [42] . Moreover, a large body of studies consistently support the DLPFC play a critical role in the dysfunction of emotion adjustment in MDD [43] [44] [45] . Generally, DLPFC was considered to play the role of ''cognitive'' or ''executive'' function [43] , such as the manipulation of working memory, intention formation, goal-directed action, and attention control [46] . Thus, we speculate that SPL together with DLPFC constitutes the neural substrate of top-down control processes participating in emotion regulation [47] . Decreased FC was found in the left IFG (BA 44) in this study. In addition to language-related function, the left IFG has been increasingly implicated in emotion recognition tasks [48] . Furthermore, deficits in emotion recognition appeared after damage to the frontal operculum (involving BA 44) [49] . Therefore, we suppose that the dysfunction of emotion recognition may be a possible mechanism of underlying nCDSs. Interestingly, decreased FC between the right SPL and left PMC was identified in the present study. It is generally assumed that emotional processes may affect behavioral responses at the motor preparation stages [50] . Abnormal connectivity in the PMA indicated motor preparation dysfunction in depression patients [51, 52] . Moreover, the motor retardation is a threshold at p,0.01, corrected). Each altered functional connectivity brain area has the one of coronal, sagittal, or axial views with the MNI location. Color bar indicates the T score. SPL, superior parietal lobule superior; DLPFC, dorsolateral prefrontal cortex; IFC, inferior frontal gurus; PMC, premotor cortex; PCC, posterior cingulate cortex; SMG, supramarginal gyrus; PHG, parahippocampal gyrus; ITG, inferior temporal gurus; CPL, left cerebellum posterior lobe doi:10.1371/journal.pone.0114603.g001 classic feature of depression [51, 53] . Recent rs-fMRI studies also reported altered ReHo in the PMA in late-life subthreshold depression subjects [54] . Thus, considering the decreased FC observed in the PMA in this study, we hypothesize that motor preparation might be slowed in nCDSs. Consistent with results concerning depressive disorder [23, 24] , we found decreased FCs in several regions belonging to the DMN. Although the exact functions of this network in humans remains unclear, the DMN is considered to be important for internally focused tasks, such as self-referential thought, autobiographical memory retrieval, future planning, and theory of mind [55, 56] . Abnormal activity and FC related to the DMN were reported in several studies of MDD [57] . Failure of DMN deactivation during emotional or cognitive tasks has been proposed as a possible mechanism acting in depression [24] . In line with these findings, we guess that nCDSs might be involved in a pathological inability of the DMN to regulate self-referential activity in appropriate manner. Additionally, decreased FC between the right SPL and left cerebellum posterior lobe was identified in the present study. The main function of the cerebellum has traditionally been though to involve sensorimotor function. However, several lines of evidence have suggested that the cerebellum may play a role in the regulation of emotion [58] and cognitive processing of negative stimuli [59] . Indeed, the cerebellum connects both cortical and limbic brain regions anatomically [60] . Thus, the aberrant connection between the SPL and cerebellum might be the potential mechanism of nCDSs. On the basis of this 
Aberrant FCs in the left lingual gyrus
Compared to HCs, we found increased connectivity between the lingual gyrus (BA19) and right fusiform (BA 37) as well as the left precuneus (BA7) in nCDSs. Previous studies have suggested that the lingual gyrus and fusiform gyrus are components of the visual recognition network [61] . Additionally, task-fMRI studies implicated visual cortical regions and the medial PFC, amygdala, and insula in face recognition and emotion decoding [62] . These findings indicate dysfunction of visual recognition resulting in abnormal emotional control related visual information processing in nCDSs. In addition to emotion control, of the literature concerning depression indicates pronounced deficits in a range of cognitive domains [2] . As a core component of DMN [63, 64] , the precuneus has been commonly described with aberrant activity or disturbance to functional connectivity in depressive patients [24, 65] . It has been proposed to play a role in visuospatial processing [66] and emotional processing [63] . Moreover, positive connectivity has been observed between the medial dorsal-posterior precuneus and lingual gurus [67] . Taking this evidence together, we hypothesize that increased fALFF in the left lingual gyrus and its increased connectivity with the right fusiform and left precuneus may be a type of compensation regulation for visuospatial processing.
Limitations
Several limitations of this study should be mentioned. First, the participants were limited to young adults from the same college, maximizing the consistency with regard to age, education age and living condition between subjects. However, the results of this study should be verified in a diverse population. Second, the sample size in this study was relatively small, and we did not divide the subjects into more subgroups of nCDSs based on BDI scores. As a result, a compound effect of the different degrees of depressive symptoms could not be avoided. Owing to the relatively small sample size, we could not find fALFF abnormalities in the prefrontal and subcortical affective networks. Future studies with a larger sample size are necessary to affirm the results. Third, the fALFF and FC approaches in this study were based on the same dataset. Regions showing altered fALFF were further used to study FC, which potentially increases the chance of finding FC differences as local fALFF alterations are likely associated with altered FC patterns. Finally, nCDSs subjects have relatively mild depressive symptoms that may transform over time. Therefore, a longitudinal study is needed to validate the present results.
Conclusion
By applying the fALFF results to FC analysis, we found that subjects with nCDSs have altered spontaneous neuronal activity in regions including the right SPL and left lingual gyrus, as well as altered brain circuits implicated in attentional, cognitive and emotional function. Our findings provide novel and important insights into the underlying neural mechanism of nCDSs. Our results have provided neural evidences of preventive intervention for the subjects with nCDSs. Future research will be focused on neural basis of progression of subclinical depressive symptoms to clinical depression.
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